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iAbstractStudy
design:
Aretrospectivestudyofalscaphoidnon-unionstreatedwithpercutaneousscrew
fixationattheRosebankHospital.
Background:
TheScaphoidplaysakeyroleinthestabilityofthewristjoint,itactsasa strutbridging
bothcarpalrowsandisthereforecontinuouslysubjectedtoshearingandbending
forces.
Scaphoidfracturesoccurcommonlyininjuriesinvolvingthewristjoint.Thesefractures
accountfor60-70%ofalcarpalbonefracturesandthesemostlyoccurinyoungmen.
Non-unionoccursmostcommonlyinmiddle thirdfractures.Thebonytrabeculaeare
thinnestatthescaphoidwaistandthereforemostfracturesoccuratthisregion.
Thecurrenttreatmentmodalityforscaphoidnon-unionsisopenreduction,bone
graftingandinternalfixation.Fewreportsofpercutaneousfixation withoutbone
graftinghaveemergedasatreatmentmodality.
ii
Objective:
Todeterminethetreatmentoutcomeandtimetounionofscaphoidnon- unionsfixed
withapercutaneousscrew.
Methodology:
Thisstudywasahospital-basedretrospectivestudyusingsixmonth–folowupx-rays
ofalpatientstreatedwithpercutaneousfixationusingaHerbertscrewforscaphoid
non-unions;duringtheperiodcovering2010to2014. Thefinaloutcomeof
radiologicalunionatsixmonthspostfixationwasrecorded.
Results:
Therewere19patients(13malesand6females)includedinthestudy.Theaverageage
ofthepatientswas41years(range18–72years).
Theapproachusedwasdorsalinalcases,17patientshadachievedunionatsix
months,onepatienthadpersistentnon-unionandonewaslosttofolow-up.There
werenoseriouscomplicationsrecorded.
iv
DiscussionandConclusion:
Thecurrentstudyshowedasuccessfulunionrateof94.7%forscaphoid fractures
treatedwithapercutaneousapproach.Thisiscomparabletothemean100%success
ratesachievedbyFinsenandKrimmer(1999)using openreductioninternalfixation
andbonegrafting.
Inconclusionthepercutaneousapproachisaminimalyinvasiveapproachshowinglow
morbidityandisthusrecommendedasatreatmentmodalityforscaphoidnon-unions.
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11.IntroductionandLiteraturereview
A largesurfaceareaofthescaphoidiscoveredbycartilagethereforelimiting
ligamentousatachmentandvascularsupply
1
.Thescaphoidplaneistilted both
volarlyandradialywithrespecttothecentralforearmaxis;addingtothecomplexityof
surgicalmanagement
1
.
TheprimarybloodsupplytothescaphoidisviatheRadialartery.80%oftheblood
supplytotheproximalpolearisesfrombranchesrunningalongthe dorsalridgewhile
therest(20%)viavolarbranches
2
.Thedorsalbranchesenteralongthescaphoidwaist
thereforefracturesoccurringinthisregionincreasetheriskofosteonecrosis.Factors
associatedwithincreasedriskofnon-unionare
3
:
 Inadequatebloodsupply
 Displacement>1mm
 Intrascaphoidangle>45degrees
 Heighttolengthratio>0.6
 Delayedtreatment
 Displacement
 Instabilitysecondarytoligamentinjury
2Theriskofdevelopingposttraumaticarthritisinuntreatednon-unionshavebeen
reportedtobeashighas100%
4,15
.Furthermore,patientswith untreatednon-unions
havereducedwristmobilityandweakness.Surgicalstabilisationisassociatedwith
improvedpainrelief,improvementinwristfunctionandthispreventsthedevelopment
ofposttraumaticarthritis
5
.
Theclassificationsystemthatisusedtodefineanon-unionisbasedonasystemby
SladeandDodds
57
asshowninTable1.1below.
Table1.1:Classificationofnon-unionsasdefinedbySladeandDodds
57
.
Grade Category Characteristicsof ScaphoidNon-Unions.
1
Delayed
presentation
Scaphoidfractureswithdelayedpresentation(4-8weeks).
2 Fibrousnon-union
Intactcartilaginousenvelope,minimalfracturelineatnon-
unioninterfaceandnocystorsclerosis.
3 Minimalsclerosis
Boneresorptionatnon-unioninterface<1mmwithminimal
sclerosis.
4
Cystformationand
sclerosis
Boneresorptionatnon-unioninterface<5mm,cystformation
andmaintainedscaphoidalignment.
5 Cystformationand
sclerosis
Boneresorptionatnon-unioninterface>5mm and
<10mm,cystformationandmaintainedscaphoidalignment.
6 Pseudoarthrosis
Separate bone fracture fragments with profound bone
resorptionatnon-unioninterface.Grossfragmentmotionand
deformityisoftenpresent.
3Scaphoidnon-unionisdefinedradiologicalybythepresenceofcysticformation,
sclerosisandboneresorption.Thediagnosisofnon-unionscanbemadeusingplain
radiography,Computerisedtomography(C.T),Magneticresonanceimaging(M.R.I)and
bonescans.C.Tscansaid in surgicalplanning(usingtheintra-scaphoidangleand
heighttolengthratio)whereas
M.R.Iisusedtoassessviabilityofthefragmentandevaluatesnon-unionasevidenced
bydecreasedsignalintensityintheproximalpolefragment
7
. Bonescansaremainly
usedinacuteinjuriesbuttoalesserextentcomparedtoM.R.IandaC.Tscans;however,
theymayobjectivelyhighlighttheareaofnon-union
8
.
Thenon-operativemanagementofscaphoidnon-unioninvolvescastingforprolonged
periodsandisreservedforstablefractureswithnocolapse.Non-operativetreatment
isassociatedwithdecreasedqualityoflifeanddecreasedrangeofmotion
9,10
.Faster
recoveryhasbeenreportedwithsurgicaltreatmentcomparedtocastimmobilisation
11
.
Electricalstimulationhasbeenusedasamethodofnon-surgicaltreatment for
scaphoidnon-unions
12
.ResultspublishedbyFrykmanetal.(1986)
13
showedsuccessful
outcomeswithpulsedelectromagnetictherapy.Afolow-upstudyusingpulsed
electromagnetictherapyhowevershowedadecreaseintheoveralsuccessrateand
outcomes
14
.
4Fewnon-unionsremainstable,non-displacedandfreeofarthritisaftertenyears.Ruby
etal.(1985)
15
reviewed56scaphoidnon-unionsandshowed that97percentof
patientsdevelopedosteoarthritis,thoughthismaynotbepainful.
Surgicalinterventionhasbeenproposedforgrosslydisplacedfractures,younghealthy
patientsandinjuriesassociatedwithligamentousinstability.Avarietyofoperative
techniquesareavailabletoaddressscaphoidnon-unionsandtheseincludetheuseof
Compressionplates
16
,Kirschnerwires(K-wires)andHerbertScrews
17
.
K-wirefixationensuresrotationalstability;howevertheapplicationofK- wirescan
onlybeachievedviaanantegradefashion.Theuseofthisapproachrequiresprolonged
immobilisation,cancauseskinirritationandrequiresasecondprocedureforremoval
17
.
Christodoulouetal.(2001)showedthatK-wirefixationachievedlowerunionratesand
requiredprolongedimmobilizationcomparedtoscrewfixation
17
.
Thescaphoidcanbesurgicalyapproachedthroughavolarordorsaltechnique
18
.A
dorsalapproachiscommonlyusedwithfixationusingascreworpin
19
.Withadorsal
approachthewristishyperflexedandthescrewisinsertedacrossthedorsalaspectof
thecapsule.Complicationsassociated withthisapproachincludefailureofthescrew
tocapturethedistalfragmentandguidewirebreakageintra-operatively
20
.Thevolar
approachiscarried
5outwiththewristinfulextensionorinneutral
21
;thedifficultybeingthat the
trapezium hindersguidewireinsertion.Theuseofthisapproachmay resultin
damagetothescapho-trapezoidaljointandsubsequentosteoarthritis
22,23,24
.
Openreductionandfixationusingaplatesystemhasbeenusedforthe treatmentof
scaphoidnon-union
16
.Complicationsareassociatedwiththe needforremovaland
impingement.
Mc.Laughlin(1954)
25
wasthefirsttorecommendopenreductionandscrewfixationfor
thetreatmentofscaphoidnon-unions.Streli(1970)
26
wasthefirsttodescribetheuse
ofpercutaneousscrewfixationforacutefracturesofthescaphoid.HerbertandFischer
(1984)
27
laterdescribedtheuseoftheHerbertscrewinthefixationofscaphoidnon-
unions.
The Herbert screw has been successfuly used to treat acute scaphoid
fractures
28,29,30,31
.Biomechanicalimprovementshavemadethisan
atractiveapproachtotreatscaphoidnon-unionsasthescrewprovidesastableand
compressiveconstruct.Overtimedifferentscrewdesigns have beendeveloped:
Associationforthestudyofinternalfixation(A.S.I.F)cancelousscrewandHeune
screw.Biomechanicalstudieshaveshowndifferentreportswithregardstofixation
capabilitiesandsize
32,33
,howeverthereisnodifferenceintermsofthecompression
achievedatthefracture
6siteandstabilitywhencomparingtheArbeitsgemeinscaftfürosteosynthesefragen(AO)
screwtotheHerbertscrew
17
.
TheuseofpercutaneousHerbertscrewshassuccessfulybeenusedtotreatscaphoid
non-unions
10,34,35,36,37.
TheadvantageoftheHerbertscrewisthereducedincidenceof
impingementandearlyrangeofmotionhowever,difficultywithcentralscrewplacement
hasbeendocumented
38
.
RecentlyVascularisedbonegraft
39,40
hasbeenusedinanatempttoreducetheperiod
ofimmobilisationandimproveunionrates.Authorshavereportedunionratesofupto
100percentwithvascularisedbonegrafts
41,42,43
.Complicationsassociatedwiththeuse
ofvascularisedbonegraftinclude graftextrusion,prominentmetalwork,andfailure
ofthegrafttotakeduetoalackofsurgicalexpertise
44
.
Thecurrentmanagementofscaphoidnon-unioninvolvesopenreductiondebridement
andbonegraftingandthishasbeenapopularmethodof treatmentofscaphoidnon-
unionswithhighsuccessrates
45,46,47,48
.
Minimalyinvasivefixationhastheadvantageofashortimmobilisationperiodand
fasterrecoverytime
49
.Percutaneoustechniquescanavoidthemorbidityofanopen
approach.
Scaphoidnon-unionshavebeentreatedusingapercutaneoustechniquebyavarietyof
authors
50,51,52,55
.Capoetal.(2011)
50
described12caseswith
establishedscaphoidwaistnon-unionswithoutcolapsethatweretreated
7percutaneouslywithoutsupplementarybonegrafting;11ofthe12fracturesunited
successfulywithunionachievedatanaverageoffourmonths.
Mahmoudetal.(2011)
35
reviewed27patientswithestablishednon-union andshowed
thatregardlessofthesizeofthegap,undisplacedfracturescanhealwithoutbone
graftingprovidedthatmechanicalstabilisationandcarpalalignmentismaintained.
Theyalsoshowedthatthedelaybetweeninjury andfixationratherthanthesizeof
thegapwasthedeterminingfactorinthetimetounion.
Usingarthroscopy,Sladeetal.(2011)
51
lookedatfifteenpatientswithafibrousunion
ornon-unionofthescaphoidtreatedusingadorsalpercutaneousfixationtechnique
without bone grafting. Patients had computedtomographyscans4–6weeks
postoperativelyandthereaftereverysixweeksuntilunionwasachieved.Alfractures
healedwithoutcomplicationsatanaveragetimeof14weeks.
Kimetal.(2010)
52
treated12patientswithdelayedunionofthescaphoid waistusinga
volarpercutaneousapproach;alfracturesuniteduneventfulywithameanDASH
(Disabilitiesofthearm,shoulderandhandscore)scoreof9.
Numeroustreatmentmodalitiesareavailableforscaphoidnon-unions,eachwithunique
success,failureandcomplicationrates.Irrespectiveofthemethodchosen,theaimisto
achieveastablefixation,correctresidualdeformityandpreventthedevelopmentof
arthritis.Nonoperativetreatment
8intheformofcastingisatediousprocessthatrequiresfrequentpatientfolow-up,as
welastheneedforprolongedcastingwhichleadstoahigherriskofjointstiffness.
Despitethismethodbeingatediousprocess,itisappropriateforpatientswhocannot
undergosurgery
10
.
Surgicalfixationhasadoptedvariousformsoffixationdevicesandtheuseofbone
grafting.Whatisrecommendedisinternalfixationwithorwithouttheuseofbone
graftingtoachievefasterunionratesandpreventprolongedimmobilisation
11
.
Itisimportanttobearinmindthattheoutcomesoftheproceduresdescribedweredue
totheproceduresbeingperformedbyexperiencedseniorauthorsandaretherefore
difficulttoreproduce
35
.
Percutaneousscrewfixationwithoutbonegraftingisarelativelyreproducibleprocedure
intermsofoutcomesandcomplications,butalearningcurveistobeexpectedwith
regardstocentralscrew placement.However,outcomes arefavourableand
reproducible
35
.
1.2 StudyJustification
Thecurrentlyacceptableandrecommendedtreatmentmodalityforscaphoidnon-union
isopenreductionandinternalfixationwithbonegraft.Openproceduresposearisk
ofdamagetothetenuousbloodsupplyofthe
9scaphoid.Anopenprocedurealsorequirescarpalligamentdivisionfurtheraddingto
carpalinstability.
Complicationsassociatedwithbonegraftingsuchasdonorsitemorbidityandinthe
caseofvascularisedgrafts;specialexpertiseandinstrumentationaresomeofthe
majordrawbackstoopenreductionandbonegrafting.Apercutaneousapproach
withouttheuseofbonegraftingprovestoovercometheseproblemsandprovidea
cheaperalternative.
1.3 ResearchQuestion
Canpercutaneousscrewfixationsuccessfulybeusedtoachieveunioninscaphoidnon
-unions?
1.4 Objectives
Theprimaryobjectiveofthestudywastodeterminethetreatmentoutcomeofscaphoid
non-union using percutaneousscrew fixation.Thesecondaryobjectivewasto
determinethetimetounion.
10
Chapter2-Methodology
Thiswasashorthospital-basedretrospectivestudy.Patientsdiagnosedwithanon-
union,surgicalyfixedwithapercutaneousscrewfromJanuary2010 toDecember
2014attheRosebankClinicHospitalformedthestudypopulation.
Nineteenpatients,whosatisfied theinclusioncriteriaoutlaidinTable2.1,were
identifiedandhadtheirsixmonthfolowupx-raysretrospectivelyreviewed.
Theprocedurewascarriedoutbyasingleseniorsurgeon.The procedurewas
performedwiththewristinextensionandaminivolarincisionwas used.Under
fluoroscopyaguidewirewasplacedcentraly,andaHerbert screwwasinserted
perpendiculartothefracture.Immediatepost-operativex-rayswerereviewedtoconfirm
centralplacementandcompressionacrossthefracturesite.
Furthermore,thefolowinginformationofeachpatientwascolectedfordataanalysis:
age,mechanismofinjury,andsixmonthpost-operativex-rays.
Thefiles,pre-andpost-operativex-raysoftheenroledparticipantswerereviewedfor
timetounionandsuccessfulunionfolowingpost-operativefixation.Unionwas
determinedbasedontheformationofnewbone,aswelasobliterationofthefracture
line
11
Table2.1:Patientselectioncriteria
Inclusioncriteria:
 Patients≥18years
 Scaphoidfractureswithradiologicalfeaturesoftype2,3,4and5
accordingtoSladeandDodds
57
classification
Exclusioncriteria
 Fracturesnotfitingthecriteriaofnon-unionaccordingtoSladeand
Dodds
57
classification.
 PresenceofPseudo-arthrosis(SladeandDoddstype6)
12
2.1Surgicalprocedure
Avolarsurgicalapproachwasusedinalcases.Theprocedurewasperformedunder
generalanaesthesia.Withthewristinextensionastabincisionwasmadejustdistalto
thescaphotrapezialjoint.Aguidewirewasadvancedthroughthetrapezium intothe
scaphoidensuringcentralplacementwithintheproximalpoleofthescaphoidinal
views.
Withtheguidewireintheoptimalpositionalargercannulateddrilbitwasusedtobore
throughthetrapezium toaloweasierpassageofthescrewintothe scaphoid.A
secondappropriatelysizedcannulateddrilwasadvancedovertheguidewireintothe
scaphoid,andanappropriatelysizedminiAcutrakheadlesscannulatedcompression
screwwasinserted.
Thehandwasplacedinathumbspicasplintthatwasremovedattwoweekspost-
operativelytoalowforwoundinspectionandsutureremoval.Thereafteraremovable
splintwasappliedforsixweeks.
Patientswerereferredtophysiotherapyforgentlerangeofmotionexercisesafter
removalofthumbspicaattwoweekspostoperatively,butwereinstructedtoavoid
contactsportsorfulloadinguntilthreemonthspostoperatively.
Finalradiographsweretakensixmonthspost-operativelyandbonyunion wasverified
bythepresenceofbonytrabeculaeacrossthefracturesiteinfivescaphoidviews.
13
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Chapter3-ResultsandDiscussion
Therewere19patients(13malesand6females)withanaverageageof41years
(range18–72years)whowereincludedinthestudy(refertoFigure3.1).Therewere14
right-sidedfracturesand5left-sidedfractures(refertoFigure3.2).Themechanismof
injuryincludedfal(n=16),sportinginjury(n=2)andamotorcycleaccident(n=1)(refer
toFigure3.3).
Malepatientsaremorelikelytosustainascaphoidfracturewithinjuriesto thewrist
fracturecomparedtotheirfemalecounterparts’(M:F-3:1).
Seventeenpatientshadachievedunionatsixmonths,onepatienthadpersistentnon-
unionandonewaslosttofolow-up.Therewerenoseriouscomplicationsrecorded.
Figure3.1:Agedistribution.Patientswereagedbetween18and72years(average41
years).
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Figure3.2:Handdominance.Fourteenpatientssustainedafractureonthe righthandand
wererighthanddominant,whilefivepatientssustainedafracture onthelefthandandwere
lefthanddominant.
Figure3.3:Mechanismofinjury.Sixteenpatientssustainedtheirinjuryfromatrivialfal,
twoduringasportingactivityandonefromamotorcycleaccident.
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Figure3.4:Maletofemaledistribution.Nineteenpatients(13malesand6females)
wereincluded
Figure3.5:6-MonthX-Rayfolow-up.Seventeenoutofeighteenpatients(94.7%)
achievedunionatsixmonths,onepatienthadpersistentnon-union
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3.1 Discussion
Percutaneousscrewfixationforthetreatmentofscaphoidfractureswasfirstdescribed
bytheGermanauthorStreli(1970)
26
.Apercutaneousapproach hasbeenshownto
reducecomplicationsandrecoveryassociatedwithopentechniques.
Bondetal.(2001)
10
showedpatientshadanearliertimetounion(7weeksvs12weeks)
andreturntowork(8weeksvs15weeks)whencomparingpercutaneousfixation
versuscastinginthemanagementofacutescaphoidfractures.
Haddad(1998)
53
showedinhisstudythatnonunionswithagaporstepof
<1mmcanstilachievebonyunionprovidedstablefixationisachieved.Thiscompares
tothiscurrentstudywheretheselectedpatientsfalingintogroup2,3,4and5
accordingtoSladeandDodds
57
classificationwentontoachievebonyunion.
Sladeetal.(2008)
51
andGeogheganetal.(2009)
55
recommendedtheuse of
preoperativeCTscansforthedetailedassessmentofnon-unions.Howeverinthis
studyaclinicalassessmentofpersistentpainaroundthe wristjointaswelas
sclerosis,persistentfracturegapandcysticformationasevidencedbyplainx-rayfilms
wasusedtodefineanon-union;and thereafterlackofpainandtrabeculaeacrossthe
fracturegapprovided sufficientevidenceforbonyunionatthesixmonth
postoperativereview.
17
Screwplacementcanbecarriedoutviaadorsal
18
orvolar
21
approacheach ofwhich
hasitsadvantagesanddisadvantages
20,22,23,24
.Inthisstudythevolarapproachwasthe
preferredchoiceasitwaseasiertooutlinethebonyanatomyaswelasmaintain
alignmentduringfixation.
Inthecurrentstudy;seventeenofthenineteenpatients(89%)sustainedascaphoid
fractureafterafalontoanoutstretchedhand;andthiscomparestoapublishedreport
byRadfordetal.(1990)
34
.
From theseriesofpatientsincludedinthisstudy,acorrelationcouldnotbefound
betweentheoutcomeaftersurgeryandthemechanism ofinjury,asithasbeen
previouslysuggestedthathighenergyinjuriesaremorelikelytocausenon-union
56
.
Percutaneousscrewfixationwasperformedforpatientswhofelintothecategoryof
type2,3,4and5accordingtoSladeandDodds
57
.Theconsensusisthatthisapproach
whenusedwithoutbonegraftingyields higherratesofunioninnon-unionsfaling
intothesecategories.Otherauthorshavehadsimilarsuccessfulunionrateswhen
applyingthismodalityoftreatmenttothesecategoriesofpatients
34,50
.
Thehighrateofunionobservedinthisstudymaybeatributabletothepropercase
selectionofpatients,asiscomparabletootherreportsinthe
18
literature
6,34,35,37,49,50
Thisstudyhighlightstheimportanceofpatientselectioninthe
applicationofthisprocedure
6
.
3.2 Limitations
Thelimitingfactorofthisstudywasthesmalsamplesizeused,aswelasasteep
learningcurvetoachievecentralplacementofthepercutaneouswireandsubsequent
screwinsertion.
Thistechniqueisalsolimitedtoaspecificsubsetofchronicnon-unioncasesand
cannotbeappliedtoalcasesofnon-union.
Patientsfounditdifficulttorecaltheexacttimingoftheinjurywhileothershadno
documentationintheirreports.Thismadeitdifficulttodeterminethetimefrominjury
tosurgery.Thispreventedusfrommakingaconclusiononwhetherthetimingfrom
injurytosurgeryplaysaroleinfracturehealinginanon-union.
Afolow-upstudythatincludesalargerpatientpopulation,aswelasfunctional
outcomesscores,wouldfurtherstrengthentheindicationsforpercutaneousscrew
fixationoveropenprocedures.
19
Chapter4-Conclusion
Inthisseries,a95%unionrate,withalowmorbidity,wasachievedwhen the
percutaneousminimalyinvasiveapproachwasused.Thereforeitisrecommendedasa
modalityoftreatmentforscaphoidnon-unionswithoutradiologicalevidenceof
pseudoarthrosis.
20
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AppendixC
DataColectionSheets
C.1 ARetrospectivestudyofpercutaneousscrewfixationforscaphoidnon-unions
DATACOLLECTIONSHEET(MMedProject)
Participantstudynumber:
Dateofoperation:
Twoweekfolowup:
Sixweekfolowup:Six
monthfolowup:
Complications:
24
C.2 ARetrospectivestudyofpercutaneousscrewfixationforscaphoidnon-unions
DATALINKSHEET(MMedProject)
Studycode:
Forename:
Surname:
Age:
Sex:
Dateofoperation:Two
weekfolowup:Six
weekfolowupSix
monthfolowup:
Complications:
25
Study
code
Sex
operation
date
2-week
folow-up
6-week
folow-up
6-month
folow-up
complications
Hand
dominanc
e
Mechanis
mofinjury
Age
P001 F 1/2/2012
Stitch
removal
Physio +
splinting
union Nil R FOOSH 18
P002 M 23/2/2012
Stitch
remova
l
Physio
+
splinting
union Nil R FOOSH 18
P003 M 18/1/2011
Stitch
removal
Physio +
splinting
union Nil R FOOSH 18
P004 M 6/7/2011
Stitch
remova
l
Physio
+
splinting
union Nil L FOOSH 33
P005 M 25/11/2011
Stitch
removal
Physio +
splinting
union Nil R FOOSH 34
P006 F 24/4/2012
Stitch
remova
l
Physio
+
splinting
Non-
Union
Persisten
tnon
union
L FOOSH 35
P007 M 30/6/2013
Stitch
removal
Physio +
splinting
union Nil R FOOSH 38
P008 F 8/1/2011
Stitch
remova
l
Physio
+
splinting
union Nil L FOOSH 38
P009 M 9/12/2013
Stitch
removal
Physio +
splinting
union Nil R FOOSH 38
P010 M 25/11/2013
Stitch
removal
Physio +
splinting
union Nil R FOOSH 41
P011 F 12/2/2013
Stitch
remova
l
Physio
+
splinting
union Nil R FOOSH 42
P012 M 20/05/2013
Stitch
removal
Physio +
splinting
union Nil R FOOSH 42
P013 M 4/12/2012
Stitch
remova
l
Physio
+
splinting
union Nil R FOOSH 44
P014 M 8/10/2013
Stitch
removal
Physio +
splinting
union Nil R FOOSH 46
P015 M 6/7/2010
Stitch
removal
Physio +
splinting
union Nil L SI 46
P016 M 9/4/2011
Stitch
remova
l
Physio
+
splinting
union Nil L SI 52
P017 M 15/6/2012
Stitch
removal
Physio +
splinting
union Nil R FOOSH 60
P018 M 24/8/2013
Stitch
remova
l
Physio
+
splinting
union Nil R MVA 64
P019 F 26/7/13
Lost to
folowup
R FOOSH 72
AppendixD.Dataspreadsheet.
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Abbreviations:
FOOSH:Falontoanoutstretchedhand;MVA:Motorvehicleaccident;SI:Sportinginjury
27
References
1.BergerRA.Theanatomyofscaphoid.HandClin2001;17(4):525-532.
2.GelbermanRH,MenonJ.Thevascularityofscaphoidbone.JHandSurg.1980;5A:
508-513
3.SimonianPT,TrumbleTE.Scaphoidnon-union.JAmAcadOrthopSurg 1994Jul;
2(4):185-191.
4.Lindstrom G,Nystrom A.Naturalhistoryofscaphoidnon-unionwithspecial
referenceto‘asymptomatyic’cases.JHandSurg.Br.1992;17:697-700.
5.ReigstadO,GrimsgaardC,ThorkildsenR,RegistadA,RokkumM.Long termresults
ofscaphoidnon-unionsurgery:50patientsreviewedafter8to18years.JOrthop
trauma2012Apr;26(4):241-245.
6.JTCapo,NSOrilazaJr,JFSlade111.Percutaneousmanagementof scaphoid
non-unions.TechniquesinhandandupperextremitysurgeryMarch2009;13(1):23-
29.
7.TrumbleTE.Avascularnecrosisafterscaphoidfracture:Acorrelationofmagnetic
resonanceimagingandhistology.JHandSurgAm1990;15(4):557-564.
8.AGanel,JEngel,ZOster,IFarine.Bonescanningandassessmentoffracturesof
scaphoid.JHandSurg.(Am.)70:540,1979.
28
9.BuijzeGA,DoornbergJN,Ham JS,RingD,BhandariM,PoolmanRW.Surgical
comparedwithconservativetreatmentforacutenondisplacedorminimalydisplaced
scaphoidfractures:asystematicreviewandmeta-analysisofrandomizedcontroled
trials.JBoneJointSurg.Am2010Jun;92(6):1534-1544.
10.BondCD,ShinAY,McBrideMT,DaoKD.Percutaneousscrewfixationorcast
immobilizationfornondisplacedscaphoidfractures.JBoneJointSurgAm2001;83:
483-8.
11.McQueenMM,GelbkeMK,WakefieldA,WilEM,GaeblerC.Percutaneousscrew
fixationversusconservativetreatmentforfracturesofthewaistofthescaphoid:a
prospectiverandomisedstudy.JBoneJointSurgBr2008;90:66-71.
12.BoraFWJr,OstermanAL,WoodburyDF,BrightonCT.Treatmentofnon-unionof
thescaphoidbydirectcurrent.OrthopClinNorthAm.1984Jan;15(1):107-112.
13.FrykmanGK,TaleisnikJ,PetersG,KaufmanR,HelalB,WoodVE,UnselRS.
Treatmentofnonunitedscaphoidfracturesbypulsedelectromagnetic fieldandcast.
JhandSurgAm1986;11(3):344-349.
14.AdamsBD,FrykmanGK,TaleisnikJetal.Treatmentofnon-unionwithcastand
pulseelectromagneticfield(studycontinuation).JHandSurgAm1992Sep;17(5):910-
914.
15.RubyLK,StinsonJ,BelskyMRetal.Thenaturalhistoryofscaphoidnon-union.A
reviewoffifty-fivecases.JBoneJointSurgAm1985Mar;67(3):428-432.
29
16.HueneDS.Treatmentofscaphoidnon-unionwiththeEndercompressionblade
platesystem.JHandSurgAm1991Sep;16(5):913-922.
17.LSChristodoulov,CKKitsis,STChamberlain.Internalfixationof scaphoidnon
-unions:acomparativestudyofthreemethods.Injury,int.J.Care.Injured32(2001),625
-630.
18:MSoubeyrand,DBiau,C Mansour.Comparisonofpercutaneousdorsalvsvolar
fixationofscaphoidwaistfracturesusingcomputermodelincadavers.JHandSurg
2009;34A:1838-1844.
19.TrumbleTE,SalasP,BarthelT,RobertKQ3
rd
.Managementofscaphoidnon-unions.
JAmAcadOrthopSurg2003Nov-Dec;11(6):380-391.
20. BushnelBD,McWiliamsAD,MesserTM.Complicationsindorsalpercutaneous
cannulatedscrewfixationofnondisplacedscaphoidwaistfractures.JHandSurgAm
2007;32:827-33.
21.KawamuraK,ChungKC.Treatmentofscaphoidfracturesandnon- unions.J
HandSurgAm2008;33:988-97.
22.KehoeNJ,HackneyRG,BartonNJ.Incidenceofosteoarthritisinthescapho-
trapezialjointafterHerbertscrewfixationofthescaphoid.JHand Surg2003;
28B:496–499.
23. NicholJE,Buckland-WrightJC.Degenerativechangesatthescaphotrapezial
jointfolowingHerbertscrewinsertion:aradiographicstudycomparingpatientswith
scaphoidfractureandprimaryhandarthritis.JHandSurg2000;25B:422–426.
30
24.SaedénB,TörnkvistH,PonzerS,HöglundM.Fractureofthecarpalscaphoid:a
prospective,randomised12-yearfolow-upcomparingoperativeandconservative
treatment.JBoneJointSurg2001;83B:230–234.
25.McLaughlinHL.Fractureofthecarpalnavicular(scaphoid)bone.JBoneJointSurg
1954;36-A:765–74.
26.StreliR.PerkutaneVerschraubungdesHandkahnbeinesmit
bohrdrahtkompressionsschraube.ZentralblChir1970;95:1060-78.
27.HerbertTJ,FisherWE.Managementofthefracturedscaphoidusinga newbone
screw.JBoneJointSurg1984;66-B:114–23.
28.Al-AshhabM,ElbegawiH.PercutaneousScrewFixationforScaphoidFractures.
orthopaedics.2017.
29.ParajuliNP,ShresthaD,DhojuD,ShresthaR,SharmaV.ScaphoidFracture:A
FunctionalOutcomeFolowingFixationwithHerbertScrew.KathmanduUnivMedJ.
2011;36(4):267-73.
30.JeonIH,OhCW,ParkBC,IhnJC,KimPT.MinimalinvasivepercutaneousHerbert
ScrewfixationinacuteunstableScaphoidfracture.HandSurg2002;8:213-218.
31.JeonIH,MicicID,OhCW,ParkBC,Kim PT.Percutaneousscrewfixationfor
scaphoidfracture:acomparisonbetweendorsalandvolarapproaches.JHandSurgAm
2009Feb;34(2):228-236.
32.SukulDM,JohannesEJ,MartiRKCorticocancelousgraftingandAO/ASIFlag
screwfornon-unionofthescaphoid.Aretrospectiveanalysis.JBone JointSurgBr
1990Sep;72(5):835-838.
33.ShawJA.Abiomechanicalcomparisonofscaphoidscrews.JHandSurgAm1987;
12(3):347-353.
30
34. RadfordPJ,MathewsonMH,MeggitBF.TheHerbertscrewfordelayedandnon-
unionofscaphoidfractures:areviewoffiftycases.JHandSurgBrAug1990;15(4):455
-459.
35.MahmoudM,KoptanW.Percutaneousscrewfixationwithoutbonegraftingfor
establishedscaphoidnon-unionwithestablishedboneloss.JBoneJointSurgBr.2011;
93(7):932-36.
36.FYassaee,YangSS.Mini-incisionfixationofnondisplacedscaphoidfracturenon-
unions.JHandSurgAm2008Sep;33(7):1116-20.
37.Saint-CyrM,OniG,WongC,SenMK,LaJoieAS,GuptaA.Dorsal percutaneous
cannulatedscrewfixationfordelayedunionandnon-unionof thescaphoid.Plast
reconstrSurg.2011Aug;128(2):467-73.
38.AdamsBD,BlairWF,ReaganDS,GrundbergAB.Technicalfactorsrelatedto
Herbertscrewfixation.JHandSurgAm1988Nov;13(6):893- 899.
39.TambeAD,CutlerL,StilwelJ,MuraliSR,TrailIA,StanleyJK.Scaphoidnon-union:
theroleofvascularizedgraftinginrecalcitrantnon-unionsofthescaphoid.JHandSurg
2006;31B:185–190.
40.ZaidembergC,SiebertJW,AngrigianiC.Anewvascularizedbonegraft for
scaphoidnon-union.JHandSurgAm1991May;16:474-478.
41.FinsenV,HofstadM,HauganH.Mostscaphoidnon-unionshealwith bonechip
graftingandKirschner-wirefixation.Thirty-ninepatientsreviewed10yearsafter
operation.Injury2006;37:854–859.
31
42.KrimmerH.Managementofacutefracturesandnon-unionsoftheproximalpole
ofthescaphoid.JHandSurg2002;27B:245–248.
43.A.KKapoor,NWThompson,IRafiq,MJHayson,JStilwel,IATrait.Vascularised
bonegraftinginmanagementofscaphoidnon-union;areview of34cases.Journalof
HandSurgEuropVol,2008,33E:5:628-631.
44.MarcoR,StevenLM.VascularizedBonegraftsandtheirApplicationsin the
treatmentofCarpalPathology.SeminPlastSurg.2008Aug;22(3):213-227
45.KrimmerH,KremlingE,VanSchoonhovenJ,PrommersbergerKJ,HahnP(1999).
Proximalscaphoidpseudarthrosis– reconstructionbydorsalbone screw and
spongiosa transplantation.HandchirurgieMikrochirurgiePlastischeChirurgie,31:
174–177.
46.GreenDP.TheeffectofavascularnecrosisonRussebonegraftingforscaphoid
non-union.JHandSurg1985;10A:597–605.
47.CooneyWE,etal.Non-Unionofscaphoid;analysisofresultsofbone graft.J
HandSurg1980;5:343-354.
48.MegerleK,KeutgenX,MulerM,GermannG,SauerbierM.Treatmentofscaphoid
non-unionsoftheproximalthirdwithconventionalbonegrafting andmini-Herbert
screws:ananalysisofclinicalandradiologicalresults.J HandSurgEurVol,2008Apr;
33(2);179-85.
49.Kim JK,Kim JO,LeeSY.Volarpercutaneousscrewfixationforscaphoidwaist
delayedunion.ClinOrthopRelatRes2010;468:1066-71.
50.CapoJT,ShamianB,RizzoM.Percutaneousscrewfixationwithoutbonegrafting
ofscaphoidnon-union.IsrMedAssocJ.2012Dec;14(12):729-32.
32
51.SladeJF3rd,GeisslerWB,GutowAP,MerrelGA.Percutaneousinternalfixationof
selectedscaphoidnon-unionswithanarthroscopicalyassisted dorsalapproach.J
BoneJointSurgAm2003;85-A(Suppl4):20-32.
52.Kim JK,Kim JO,LeeSY.Volarpercutaneousscrewfixationforscaphoidwaist
delayedunion.ClinOrthopRelatRes2010;468:1066-71.
53.HaddadFS,GoddardNJ.Acutepercutaneousscaphoidfracturefixation:apilot
study.JBoneJointSurg[Br]1998;80-B:95-9.
54.SladeJF3rd,GilonT.Retrospectivereviewof234scaphoidfractures and
nonunionstreatedwitharthroscopyforunionandcomplications.ScandJSurg2008;97:
280-9.
55.GeogheganJM,WoodruffMJ,BhatiaR,etal.Undisplacedscaphoidwaist
fractures:is4weeks’immobilisationinabelow-elbowcastsufficientifa week4CT
scansuggestsfractureunion?JHandSurgEurVol2009;34:631-7.
56:LeslieIJ,DicksonRA.Thefracturedcarpalscaphoid.Naturalhistoryandfactors
influencingoutcome.JBoneJointSurgBR.1981Aug;63-B(2):225-30.
57:SladeJFii,DoddsSD.Minimalyinvasivemanagementofscaphoidnonunions.Clin
OrthopRelatRes.2006;445:108-19.
